Temperature affects forage nutritive value but little information exists on the effects of climatically-contrasting regions. Forage nutritive value at three sites in eastern Canada was compared for alfalfa (Medicago sativa L.) and timothy (Phleum pratense L.) by measuring attributes four to seven times during primary growth over 2
N utritive attributes of cool-season forage species are known to be influenced by air temperature. Several studies, conducted mostly under controlled conditions, have shown a positive effect of cool temperatures on forage digestibility along with a reduction in fiber concentration. Under controlled conditions, the digestibility of timothy decreased for each degree increase in growth temperature (Thorvaldsson, 1992) . Cool temperatures were associated with lower forage fiber concentration and increased digestibility of forage grasses, due to a lower degree of lignification (Thorvaldsson et al., 2007; Bertrand et al., 2008) . With increasing temperature, the IVTD of seven grass species declined faster and the neutral detergent fiber concentration increased faster during the growth cycle (Thorvaldsson et al., 2007) . In alfalfa, studies under controlled conditions showed an increased rate of maturation, negatively associated with nutritive value, with increasing growth temperature (Marten et al., 1988) . Vough and Marten (1971) reported that alfalfa grown at high temperatures had lower digestibility and higher acid detergent fiber (ADF) and lignin concentrations than that grown at lower temperatures.
Along with affecting forage digestibility and fiber concentration, temperature is also expected to affect other nutritive attributes such as NSC and total N concentrations. The NSC of forages is another determinant of nutritive value that affects the N utilization by ruminants. Photosynthesis is less sensitive to temperature than growth (Buxton and O'Kiely, 2003) . Therefore, at temperatures below the optimum for growth, plants accumulate higher concentration of soluble sugars in their tissues (Buxton and O'Kiely, 2003) . The NSC concentration of cool-season grasses is usually greater when they are grown at cool (5-10°C) than at warm (15-25°C) temperatures (Deinum et al., 1968) . Alfalfa was higher in NSC concentration at day/night temperatures of 18/10°C than of 32/24°C (Smith, 1970) . In timothy, however, NSC concentrations at day/night Alfalfa and Timothy Nutritive Value in Contrasting Agroclimatic Regions temperatures of 17/5°C and 22/10°C did not differ (Bertrand et al., 2008) . In studies conducted under controlled conditions, increasing temperatures increased the N concentration of alfalfa (Smith, 1970; Vough and Marten, 1971 ) but decreased it in timothy (Bertrand et al., 2008) . Very few studies have looked at the impact of growth temperature on the fatty acid concentration of forages. Because the concentration of total fatty acids is positively related to forage N concentration (Boufaïed et al., 2003) , it is expected that any effect of temperature on forage N concentration will affect the total fatty acid concentration.
Most studies on the effect of growth temperature on forage nutritive value have been conducted under controlled conditions. To our knowledge, the effect of air temperature on the nutritive value of field-grown forage crops in different agroclimatic regions has never been studied. Forage field experiments are often conducted at several sites with contrasted climatic conditions. However, the comparison of nutritive value at different sites in those experiments is difficult because only one sampling date per growth cycle is often used and the estimation of the stages of development is not well quantified.
We hypothesized that forages grown in a region with lower temperatures would have greater digestibility and NSC concentration but lower fiber concentration and forage mass than those grown in a region with higher temperatures. To address this issue, we proposed using sequential forage sampling during the primary growth and regression analyses to compare nutritive attributes at similar stages of development or forage mass at sites in contrasted agroclimatic regions of eastern Canada. We chose to compare the nutritive attributes at a given stage of development, because current recommendations for harvesting are based on stages of development, and at a given forage mass, because of expected site differences in this attribute. The objective of the study with alfalfa and timothy was to compare forage nutritive attributes at three climatically contrasted sites along a north-south gradient in eastern Canada.
mAtErIAls And mEthods site description and Experiment design
The study was conducted with alfalfa (cv. Calypso, 12 kg seed ha -1 ) and timothy (cv. AC Alliance, 10 kg seed ha -1 ) sown at three sites in different agroclimatic regions in 2014: (i) Normandin Research Farm of Agriculture and Agri-Food Canada, Normandin, QC, Canada (48°49ʹ N, 72°31ʹ W; mean elevation: 137 m; soil type: Labarre silty clay, fine, mixed, frigid, Humic Crayquept; 30-yr average of 1359 cumulative growing degree-days based on 5°C, GDD); (ii) Research farm of Université Laval, Saint-Augustin-de-Desmaures (hereafter called St-Augustin), QC, Canada (46°48ʹ N, 71°23ʹ W; mean elevation: 43 m; soil type: Saint-Aimé fine sandy loam, fine-loamy, mixed, frigid, Typic Humaquept; 1712 cumulative GDD); and (iii) Macdonald Campus, McGill University, Sainte-Anne-deBellevue (hereafter called Ste-Anne), QC, Canada (45°26ʹ N, 73°55ʹ W; mean elevation: 36 m; soil type: Chicot fine sandy loam, typic melanic Brunisol Dystric Eutrocherpt; 2098 cumulative GDD). The soil series at the three sites are characterized as deep with more than 100 cm to the bedrock.
Two series of experimental plots for each forage species were sown at each site: one series to be sampled in the first post-sowing year (2015) and the other to be sampled in the second post-sowing year (2016). The sowing dates were 29, 21, and 23 May 2014 at Normandin, St-Augustin, and Ste-Anne, respectively. For both species and at each site, each series of plots included 12 to 21 experimental units arranged in a randomized complete block design for four to seven sampling times with three replications. The plot size varied among sites but was a minimum of 3 × 5 m. To characterize each site at the beginning of the study (Table 1) , 10 random soil cores per replication were taken to a depth of 15 cm prior to sowing, and pooled for a total of three composite samples per site. Soil samples were air-dried and sieved to 2 mm prior to analysis. Soil pH was measured in a 1:1 soil/ water ratio (Hendershot et al., 1993) . Soils were extracted for P, K, Ca, and Mg by the Mehlich-3 solution (Mehlich, 1984) and determined with an Inductively Coupled Plasma Optical Emission Spectrometer (Optima 4300 DV, PerkinElmer Corp., Norwalk, CT). Total elemental soil C and N concentrations were determined by dry combustion with an Elementar CN analyzer (Elementar, model Varian Macro CN, Hanau, Germany). For both species, no N fertilizer was applied at sowing. After the first and only cut in 2014, 40 kg N ha -1 was applied on the timothy plots. In the spring of 2015 and 2016, all timothy plots received 90 kg N ka -1 before the start of growth. After the first cut of 2015, 40 kg N ha -1 was applied exclusively on the timothy plot series to be sampled in 2016. Additionally, in the spring of 2015, 25, 20, and 1 kg ha -1 of P, K, and B were applied at Normandin, 25, 25, and 1 kg ha -1 of P, K, and B were applied at St-Augustin, and 20, 25, and 1 kg ha -1 of P, K, and B were applied at SteAnne. Our goal with the fertilization was to have non-limiting nutrient conditions. To simulate a normal production year, the series of plots to be sampled in 2016 were cut twice (Normandin, St-Augustin) or three times (Ste-Anne) in 2015 at around the early flowering stage of development (Mueller and Teuber, 2007) for alfalfa and at the early heading stage of development (Moore et al., 1991) for timothy, but no data were taken. Temperature and rainfall during the growing season of the 2 yr of data recording and forage sampling (2015 and 2016) , as well as the 30-yr average , were retrieved for each site from a weather station located less than 15 km from the experimental site (Table 2) .
sampling and Field measurements
At each experimental site, forage sampling occurred once a week from May to July, for 4 to 7 wk during the spring growth of 2015 and 2016, to obtain a full range of stage of development for both species (Table 3) . At each sampling, a 50 × 50-cm quadrat representative of the plot was harvested at 7 cm from the ground with electric pruning shears. A botanical separation was performed manually for each forage sample to isolate alfalfa or timothy from weeds. Weeds represented an average across sites and years of 4% of the forage mass. Samples of alfalfa or timothy were then dried at 55°C, weighed to determine the forage mass, and ground to 1 mm using a Wiley mill (Standard model 4, Arthur H. Thomas Co., Philadelphia, PA) for laboratory analyses. At each sampling time, another sample of approximately 30 to 40 alfalfa stems or timothy tillers was cut at the soil surface from the outside proximity of the sampling quadrat to precisely determine the stage of development of each forage species. The stage of development of each stem and tiller was individually determined based on Mueller and Teuber (2007) for alfalfa and Moore et al. (1991) for timothy. Stems or tillers were then grouped by stage of development, dried at 55°C, and weighed. For each sampling, the stage of development of each group of stems or tillers contributed proportionally to the mean stage by weight (MSW) based on its dry weight (Moore et al., 1991) .
Forage chemical Analysis
All alfalfa and timothy forage samples were scanned by visible near-infrared reflectance spectroscopy (VNIRS) measuring their absorbance [log (1/R), where R is reflectance] in the visible and near-infrared regions between 400 and 2500 nm at 0.5-nm intervals using a VNIRS DS2500 monochromator instrument (Foss NIRSystems Inc., Eden Prairie, MN) with a small cup containing approximately 50 mL of ground forage sample. Half of the samples collected in 2016 (n = 57), selected using the WinISI IV software (version 4.5.0.14017, Foss and Infrasoft International), and representative of both forage species, plus all samples collected in 2015 (n = 84), were used as a calibration set. These samples were chemically analyzed for neutral detergent fiber assayed with a heat stable α-amylase and sodium sulfite (aNDF; Mertens, 2002) , and ADF (method 973.18; AOAC, 1990) concentrations, using an ANKOM220 Fiber Analyzer (ANKOM Technology 05/03, Macedon, NY) with F57 filter bags (25-mm porosity). The extraction of water-soluble carbohydrates (WSC) was based on the Smith (1981) method. The starch concentration was quantified after its gelatinization and enzymatic hydrolysis by amyloglucosidase. Both WSC and starch were measured as glucose equivalent with the p-hydroxybenzoic acid hydrazide method of Blakeney and Mutton (1980) . The NSC concentration was calculated as the summation of WSC and starch. Total N was extracted using a method adapted from Isaac and Johnson (1976) and determined with an autoanalyzer (QuikChem 8000, Lachat Zellweger Analytics, Milwaukee, WI) according to method 13-107-06-2-D (Lachat Instruments, 2013). The IVTD was determined using the Goering and Van Soest (1970) method with a 48-h incubation in buffered rumen fluid. This analysis was followed with the determination of aNDF concentration of the postdigestion residues. The incubation was done with an ANKOM Daisy II incubator, using the F57 filter bags and the batch incubation procedures of ANKOM technology Corp. The rumen fluid was taken from two ruminally fistulated dairy cows fed the same diet constituted of 37% grass silage, 15% corn (Zea mays L.) silage, 8% grass hay, 30% corn grain, and 10% concentrate mix. This diet was formulated to meet the nutritional requirements of a lactating dairy cow expected to produce 10,200 kg milk yr -1 , according to NRC (2001) . Each sample was analyzed in duplicate, with a 5% maximum coefficient of variation between duplicates. The IVTD (g kg -1 DM) and the in vitro neutral detergent fiber digestibility (NDFd; g kg -1 aNDF) were calculated as follows: postdigestion dry weight following aNDF wash IVTD 1 1000 postdigestion dry weight
postdigestion dry weight following aNDF wash NDFd 1 1000 postdigestion dry weight of aNDF
The modified partial least squares regression method of the WinISI IV software was used to develop a calibration equation for each forage nutritive attribute. The predictions were classified as successful when the ratio of standard error of prediction to standard deviation [RPD = SD/SEP(C)], equal to the standard deviation of samples in the validation set (SD) divided by the standard error of prediction corrected for the bias [SEP(C)], was greater than 3 (Williams, 2001) . Prediction equations were then used to determine the different nutritive attributes of all forage samples, except for fatty acid composition, which was chemically determined in all forage samples using a gas chromatograph equipped with a flame ionization detector according to the procedure described by Fauteux et al. (2016) .
data Analysis
For each species, nutritive attributes were analyzed as a randomized complete block design with stage of development used as a covariate and using the MIXED procedure of SAS (version 9.3; SAS Institute Inc., Cary, NC). The model used was Table 2 . Monthly temperatures † and rainfall during the growing season for the 2 yr of data recording and forage sampling (2015 and 2016) , and the 30-yr average 
where Y ijk = variable observed, b 0 = intercept, b 1 = regression coefficient, x ijk = stage of development (covariate), t i = agroclimatic region i (i = 1 to 3), ρ:t i:j = replication j ( j = 1 to 3) within agroclimatic region i, a k = random effect of year (k = 1 to 2), and e ijkl = residual error. Years were considered a random effect. Regression slopes were established for each site and used to compare data obtained at Normandin with those from the two other sites of lower latitudes (St-Augustin and Ste-Anne) at a given stage of development using a priori contrasts. The model was used to estimate the forage mass at the recommended stage of development for harvesting alfalfa (MSW = 4.0) and timothy (MSW = 3.1) at the northernmost agroclimatic site (Normandin). Attributes of forage nutritive value at the three sites were then compared at this specific forage mass using inverse regressions (Draper and Smith, 1998) . For statistical evaluation of the relationship between nutritive attributes, Pearson coefficients of correlation were established and their degree of significance estimated using the CORR procedure of SAS. Statistical significance was postulated at P ≤ 0.05 and a tendency was reported at 0.05 < P ≤ 0.10.
rEsults And dIscussIon
Air temperature differences among the three experimental sites in the 2 yr of forage sampling (2015 and 2016) were consistent with the 30-yr average at those sites (Table 2) . Air temperature at the northernmost site (Normandin) averaged 10.4°C in May and 14.3°C in June. Temperatures were warmer at St-Augustin and Ste-Anne than at Normandin by 3.0 and 4.8°C in May, and 2.2 and 3.5°C in June, respectively. The rainfall in May and June, averaged across the 2 yr of forage sampling, also reflected the 30-yr average in Normandin (82 vs 81 mm), St-Augustin (110 vs 110 mm), and Ste-Anne (69 vs 80 mm) ( Table 2) . Under current conditions, water is not considered as limiting the spring growth of timothy (Jing et al., 2013) and alfalfa (Thivierge et al., 2016) in eastern Canada. The estimated daily rate of GDD accumulation throughout the forage sampling period increased from north to south with average values across the 2 yr of 9.9, 11.3, and 12.0 GDD per day at Normandin, St-Augustin, and Ste-Anne, respectively (Table 3) .
Forage nutritive value at a given stage of development
Forages in eastern Canada are most often harvested at a given stage of development that represents a reasonable compromise between forage mass and nutritive attributes. The recommended stage of development for harvest is early flowering for alfalfa (MSW = 4; Mueller and Teuber, 2007) and early heading for timothy (MSW = 3.1; Moore et al., 1991) . For that reason, we chose to compare forage nutritive attributes at the three sites at the recommended stage of development for harvest. Most nutritive attributes of alfalfa and timothy, expressed as a function of the stages of development, evolved differently during the spring growth at the three sites ( Fig. 1 and 2) . When compared at the early flowering stage of development (MSW = 4), alfalfa at Normandin tended to have a lower aNDF concentration (-11%, P = 0.07) and had a lower ADF concentration (-12%) than at St-Augustin ( Fig. 1a and 1b; Table 4) . Similarly, at the early heading stage of development (MSW = 3.1), the aNDF concentration of timothy was 6% lower at Normandin than at St-Augustin or Ste-Anne ( Fig. 2a and 2b ; Table 4 ). At the recommended stage of development for harvest, the IVTD of alfalfa tended to be greater (+5%) at Normandin than at St-Augustin (P = 0.09) or Ste-Anne (P = 0.07) ( Fig. 1c ; Table 4 ), and the IVTD of timothy was significantly greater (+5%) at Normandin than at St-Augustin ( Fig. 2c; Table 4 ). The NDFd of alfalfa also tended (P = 0.09) to be greater at Normandin than at St-Anne ( Fig. 1d ; Table 4 ), while the NDFd of timothy was significantly greater (+7%) at Normandin than at St-Augustin ( Fig. 2d ; Table 4 ). Our results confirm our hypothesis that, when compared at the recommended stage of development for harvest, the digestibility of alfalfa and timothy is generally greater and the fiber concentration is lower in a region with lower temperatures. Differences in fiber concentration among sites could reflect a change in leaf/ stem ratio since stems of both alfalfa and timothy have higher fiber concentrations than leaves (Buxton, 1996; Bélanger and McQueen, 1997) . Previous research demonstrated that the leaf/ stem ratio was negatively correlated with growth temperature and that this relationship was more prominent at earlier stages of development (da Silva et al., 1987) . Dry matter digestibility of a forage sample is not only influenced by its fiber concentration but also by the composition and the digestibility of this fiber. Buxton and Fales (1994) reported that forages grown under higher temperatures had an increased lignification. A higher degree of lignification could therefore explain the decrease in NDFd of alfalfa harvested at the early flowering stage of development at Ste-Anne, and of timothy harvested at the early heading stage of development at St-Augustin, when compared with Normandin. Further research is required to confirm the role of the leaf/stem ratio and lignin concentration in the variation of fiber concentration and digestibility at climatically-contrasted sites.
No difference was observed among sites for concentrations of WSC, NSC, total N, and total fatty acids at the recommended stage of development for harvest of alfalfa and timothy (Table 4) . Several studies conducted under controlled conditions have concluded that cool-season forages have greater NSC concentrations when grown under cool temperatures (Deinum et al., 1968; Chatterton et al., 1989; Thorsteinsson et al., 2002) . However, in an experiment where timothy was grown under controlled conditions with day/night temperature varying from 17/5°C to 28/15°C, Bertrand et al. (2008) did not observe greater forage NSC concentration at lower temperatures.
They hypothesized that the lowest day/night temperatures (17/5°C) were not low enough to induce the NSC accumulation. Concentrations of WSC in alfalfa were much greater at Normandin than at the other two sites at the earliest stages of development (Fig. 1e) . This difference, however, was not observed in timothy (Fig. 2e) . Differences in temperatures on the days of sampling or the previous days at the three sites along with differences in photosynthetically radiation might explain why we were not able to confirm our hypothesis of a greater NSC concentration in a region with a cooler climate.
Although the forage total N and total fatty acid concentrations did not differ among sites at the recommended stage for harvesting timothy and alfalfa (Table 4) , at earlier stages of development, they were greater at St-Augustin than at the other two sites for timothy ( Fig. 2g and h ; interaction between site and the linear component of MSW was significant, P site × MSW < 0.01) but not for alfalfa ( Fig. 1g and h ). Previous studies reported conflicted results on the effect of air temperature on forage N concentration (Smith, 1970; Vough and Marten, 1971; Bertrand et al., 2008) . Our results, however, seem to confirm the positive and linear relationship (r = 0.64, P < 0.001) between total N and total fatty acid concentrations (Kemp et al., 1965; Boufaïed et al., 2003) , and also between total N and α-linolenic acid (C18:3, r = 0.38, P < 0.001) concentrations as previously reported (Boufaïed et al., 2003) .
Forage nutritive value at a given Forage mass
Although forage nutritive value is of great importance to forage producers, forage mass also matters for profitability. For that reason, we also compared the forage nutritive attributes among sites at a given forage mass.
The increase in forage mass with the developmental stage of both alfalfa and timothy was less at Normandin than at the other two sites as indicted by a significant interaction between site and stage of development ( Fig. 3a and b) . At the recommended stage of development for harvest, forage mass was less at Normandin than at St-Augustin (-39%) and Ste-Anne (-37%) Table 4 . Regression-predicted forage mass, nutritive attributes, and cumulative growing degree-days above 5°C from 1 April (GGD) at the recommended stage of development † for harvest of alfalfa and timothy at three sites. Values are averages of the two sampling years (2015 and 2016).
Site
Forage mass * Denotes a significant difference with Normandin (P ≤ 0.05). ** Denotes a tendency for a difference with Normandin (0.05 < P ≤ 0.10). † The recommended stage of development for harvest was early flowering for alfalfa (MSW = 4; Mueller and Teuber, 2007) and early heading for timothy (MSW = 3.1; Moore et al., 1991) . ‡ DM, dry matter; aNDF, neutral detergent fiber assayed with a heat-stable amylase; ADF, acid detergent fiber; IVTD, in vitro true digestibility of dry matter; NDFd, in vitro NDF digestibility; WSC, water-soluble carbohydrates; NSC, non-structural carbohydrates; FA, total fatty acids. § SE, standard error.
in alfalfa and tended (P = 0.07) to be less at Normandin than at St-Augustin (-35%) in timothy (Table 4 ). The cumulative GDD at the recommended stage of development for harvest was significantly less at Normandin (431 and 382) than at St-Augustin (525 and 454) and Ste-Anne (481 and 526) for both alfalfa and timothy, respectively ( Fig. 3c and d ; Table 4 ). The lower forage mass at Normandin than at the other two sites can be explained by lower temperatures as reflected by the cumulative GDD. This result suggests that the rate of growth relative to the rate of phenological development was slower under the cool temperatures of Normandin for both timothy and alfalfa. This implies that plant growth was more affected by temperature than plant development. The plant life cycle and its phenology are linked to environmental drivers, and most specifically the accumulated temperature, measured as cumulative GDD (Larcher, 2003) . For this reason, cumulative GDD have been widely used to estimate the timing of specific crop development stages and, consequently, to formulate recommendations on cutting management, forecasting forage nutritive value, and evaluating forage production potential (Wood et al., 2018) . However, in the current study, the relationships between stages of development and cumulative GDD were specific to each site for both forage species ( Fig. 3c  and d ). These findings are in accordance with Bootsma (1984) who reported a lower cumulative GDD requirement for reaching specified developmental stages in Newfoundland, Canada, than in other North American Atlantic regions of lower latitude. Nutritive attributes at the three contrasted climatic sites were compared at a given forage mass of 4 Mg DM ha -1 , which corresponds to forage mass measured at Normandin for alfalfa and timothy at their recommended stage of development for harvest (Table 4) . At a forage mass of 4 Mg DM ha -1 , alfalfa at Normandin had greater aNDF (+16%) and ADF (+19%) concentrations than at Ste-Anne, and a lower IVTD than at St-Augustin (−5%; tendency, P = 0.06) or Ste-Anne (−7%). Timothy at Normandin had a greater aNDF concentration than at St-Augustin (+6%) and Ste-Anne (+2%; tendency, P = 0.10), and a lower IVTD than at St-Augustin (−6%) or SteAnne (−4%; tendency, P = 0.07) at a forage mass of 4 Mg DM ha -1 . The most significant site effect was observed for NDFd of both species. For a given forage mass of 4 Mg DM ha -1 , the NDFd of alfalfa (-13 to -14%) and timothy (−8 to -10%) were less at Normandin than at the other two sites. At a given forage mass, the sites did not differ for alfalfa concentrations of WSC, NSC, total N, or total fatty acids and for timothy concentrations of total N and total fatty acids ( Table 5 ). The WSC (+132%) and NSC (+119%; tendency, P = 0.06) concentrations (Mueller and Teuber, 2007) , and (b, d) timothy (Moore et al., 1991) cultivated at three sites. The vertical dotted lines represent the recommended stage of development at harvest for alfalfa (MSW = 4; early flowering) and timothy (MSW = 3.1; early heading). Curve types were chosen based on the significance of the interaction between site and the linear (P site × MSW ) or quadratic (P site × MSW 2 ) component of MSW.
of timothy, however, were greater at Normandin than at St-Augustin (Table 5) . We had hypothesized that forages grown in a region with lower temperatures would have a better nutritive value. To address this question, we compared the values of several nutritive attributes at similar developmental stages or forage mass using sequential sampling during the primary growth and regression analyses for three sites contrasted climatically, mostly for air temperature. Our results show that, for a given stage of development, the ADF and aNDF concentrations of alfalfa and timothy were generally lower, whereas the IVTD and NDFd were generally greater at the northernmost site than at two sites of lower latitudes with higher air temperatures of between 2.2 and 4.8°C in May and June. When producers harvest alfalfa and timothy at the recommended stage of development, forages in northern areas would potentially have lower ADF and aNDF concentrations, and greater IVTD and NDFd than those from more southern areas. Forages would not differ, however, in NSC, total N, or total fatty acid concentrations.
The generally greater forage nutritive value at the northernmost site in terms of fiber concentration and digestibility, however, was associated with a lower forage mass. When comparing those nutritive attributes for a given forage mass at the three sites, the forage nutritive value either tended or was clearly lower at the northernmost site than at the other two sites. Differences in forage mass, therefore, explain to a large extent the differences in fiber concentration and digestibility observed at a given developmental stage. The positive relationship between ADF and aNDF concentrations and forage mass, and the negative relationship between forage mass and IVTD and NDFd are well established (Bélanger et al., 2001) . For a given forage mass at the three sites, alfalfa and timothy at the northernmost site were at a later stage of development (Table 5) , at which we could expect a reduced leaf/stem ratio. Because plant lignification usually increases with air temperature and is linked to a decreased fiber digestibility, it may be that the effect of cooler temperatures on potential reduced lignification at the northernmost site compensated to some extent the effect of the reduced leaf/stem ratio. The leaf/stem ratio and lignin concentration, however, were not measured in our study and it is therefore not possible to determine the relative contribution of the lea-to-stem ratio and lignin concentration in the differences in fiber concentration and digestibility at a given level of forage mass.
summAry And conclusIons
At the recommended stage of development for harvest, alfalfa and timothy grown at the northernmost site (Normandin) generally had a superior nutritive value in terms of forage fiber concentrations and digestibility but a lower forage mass compared with forages grown at southern sites (St-Augustin and Ste-Anne). When compared at a similar forage mass, however, alfalfa and timothy grown at the northernmost site were of either similar or clearly lower nutritive value than when grown at the southern sites. The three climatically-contrasted sites did not differ in terms of forage NSC, total N, and total fatty concentrations. Moreover, data from the current study indicated that cumulative GDD requirements for reaching the recommended stage of development for harvest were less at the northernmost site. Consequently, region-specific relationships between cumulative GDD and stage of development should be established. Table 5 . Regression-predicted nutritive attributes †, mean stage of development by weight (MSW), and accumulated growing degree-days above 5°C from 1 April (GGD) for a given forage mass of 4 Mg DM ha -1 ‡ for alfalfa and timothy at three sites. Values are averages of the two sampling years (2015 and 2016 * Denotes a significant difference with Normandin (P ≤ 0.05). ** Denotes a tendency for a difference with Normandin (0.05 < P ≤ 0.10). † aNDF, neutral detergent fiber assayed with a heat-stable amylase; ADF, acid detergent fiber; IVTD, in vitro true digestibility of dry matter; NDFd, in vitro NDF digestibility; WSC, water-soluble carbohydrates; NSC, non-structural carbohydrates; FA, total fatty acids. ‡ 4 Mg DM ha -1 corresponds to the forage mass measured at Normandin when the stage of development at harvest reached early flowering for alfalfa (MSW = 4; Mueller and Teuber, 2007) and early heading for timothy (MSW = 3.1; Moore et al., 1991) . § SE, standard error.
